In this work we overhaul previous studies of Flavor Changing Neutral Current processes in the context of the Reduced Minimal 3-3-1 model(RM331). We sift the individual contributions from the CP even scalars and the Z gauge boson using two different parametrizations schemes and compare our results with current measurements. In particular, studying the B 0 −B 0 meson system we find the most stringent bounds in the literature on this model, namely M Z 3326 GeV, M V ± 910 GeV, M U ++ 914 GeV and m h 0 2 889 GeV.
I. INTRODUCTION
331 models [1, 2] are electroweak gauge extensions of the Standard Model (SM) which might address many questions left out by SM such as the charged quantization [3] , the number of fermions generations [4] , neutrinos oscillations, the Galactic Center gamma-ray excess [5] as well as obey the direct detection bounds coming from the XENON100 and LUX experiments [5] [6] [7] [8] [9] [10] , the dark radiation [11, 12] observed by Planck [13] among others. In the gauge sector, these models add five new gauge bosons that lead to different new physics processes explored in Ref. [14] . In particular, in Ref. [15] , it has been shown by the study of phase transition effects that the baryon asymmetry problem might be directly related to the mass of the Z boson. Regarding the scalar sector, the RM331 model [16] is comprised of only two triplet of scalars and hence possesses a reduced scalar sector in comparison with previous ones [17] . After the symmetry breaking process, the physical scalar content of the RM331 model is composed of only two neutral CP scalars with lightest one being identified as the SM higgs [18, 19] , and a doubly charged one. No singly charged higgs remains in the spectrum differently from other 331 models versions [20] .
Here we will focus on the FCNC processes that arise at tree level in the RM331 model.
In order to cancell the anomalies in this model, two of the quark generations have to live in different representation of SU (3) L and due to this fact FCNC arise at tree level. In the Standard Model, FCNC processes are forbiden at tree level, they can occur through a weak interaction of second order mediated by the W boson [21] . Many FCNC investigations have been performed in the context of 3-3-1 models [22] [23] [24] [25] (see Ref. [26] for supersymmetric models). In particular, a recent analysis of FCNC processes in the RM331 model has been done in Ref. [24] , however, only contributions coming from the Z have been taken into account. Here we plan to expand this investigation calculating the mass difference terms of the K 0 −K 0 , D 0 −D 0 , B 0 −B 0 meson systems, including both scalars and gauge bosons contributions, as well as those coming from the SM mediated by the W boson using two particular texture parametrizations for the quark mass matrices, described in [22, 27] (parametrization 1) and Ref. [28] (parametrization 2). Comparing our results with the current experimental limits we derived strong bounds on the mass of the Z boson and the extra CP-even scalar h 0 2 . In particular, we find M z 3326 Gev and M h 0
In order to allow the reader to follow our reasoning we will in Sec.II describe the model. In
Sec.III and Sec.IV we derive the sources of FCNC in the RM331 model coming from the guage and scalar sector respectively. Finally, in Sec.V we calculate the mass difference of the meson systems and constrain the scale of symmetry breaking v χ using two particular texture parametrizations for the quark mass matrices.
II. THE MODEL A. Fermions
The leptonic content of the Reduced Minimal 3-3-1 model (RM331) is comprised of
, where a=1,2,3 is a family index and the numbers between parentheses represent the fields transformation propierties under the gauge groups SU (3) C SU (3) L U (1) N respectively. In the quark sector, in order to cancel the triangle anomalies one left handed quark family must be arranged in a SU (3) L triplet whereas the other two come in an anti-triplet representation. In the original version of the RM331 the families of left handed quarks transform as,
), and
) [16] , where i = 2, 3 is a family index and J 1 , J 2 and J 3 are new heavy quarks characteristic of these theories. However, it has been shown in Ref. [24] that this representation choice must be ruled out because it induces FCNC contributions that exceed the current experimental limits. The only way to evade these bounds is setting the Z mass above the 100 TeV scale. Albeit, the RM331 model is valid only up to ≈ 5
TeV, thus such a high mass for the Z boson is prohibited, leading us to the conclusion that the original representation of the left handed quarks families is excluded. For this reason we will adopt that the left handed quark families transform as in references [25, 29] ,
), where i = 1, 2. With this quark representation the theory is anomaly free as well, since the requirement that the number of triples be equal to the number of anti-triplets is respected. Notice that because of colors, one quark generation actually counts as three. Hence three lepton generation plus one quark generation results in six triplets, whereas the two quark generations that live in the anti-triplet representation accounts as 6 anti-triplets. Thus the triangle anomalies are cancelled too. As for the Right handed quarks, suffice it to say that are singlets of the SU (3) L group.
Scalars and Gauge Bosons
The scalar content of the model is comprised of two triplets, ρ = (ρ + , ρ 0 , ρ ++ ) T ∼ (1, 3, 1),
. The neutral scalars ρ 0 and χ 0 can develop a vev different from zero, as we promptly do by shifting these fields as
which suffice to break correctly the
U (1) QED and generates the correct masses of all fermions, including neutrinos, and gauge bosons. The symmetry breaking follows the pattern
and so v χ v ρ . The most general, renormalizable, gauge and Lorentz invariant scalar potential of the RM331 model is Regarding the pseudo-scalars, I ρ and I χ , they are both Goldstone bosons eaten by the gauge bosons Z µ and Z µ , respectively, whereas the charged scalars are absorbed by the gauge bosons W + and V + , and as for the doubly charged ones, one of them is a Goldstone eaten by U ++ and the other remains in the physical spectrum with mass
. Summarizing, the masses of the five new gauge bosons are given by,
Further we will show the neutral currents of the model because from these we will derive the FCNC processes.
III. NEUTRAL CURRENTS VIA GAUGE BOSON EXCHANGES
The neutral currents of the standard down quarks mediated by the extra neutral gauge boson Z comes from the following lagrangian [16] ,
where
T is the flavor basis of down quarks. The structure of the function Y Z highlights that the universality of the interactions mediated by the Z boson has been lost. Therefore, we may rewrite Eq. (7) explicitly as,
and after rearranging the terms as,
with a = 1, 2, 3 being the family index. From Eq.(9) we can observe that only the second term induces FCNCs at tree level. Similarly, the neutral currents of the up quarks mediated by the extra neutral gauge boson Z are :
with the last term being the only source of FCNC at tree level. It is well known that the flavor and physical quark bases are related through,
where V u L,R and V d L,R are 3 × 3 unitary matrices which diagonalize the mass matrices for up and down quarks. Applying the transformations determined in Eq. (11) into Eqs. (9)- (10) we obtain the interactions among the physical quarks and the Z boson (appendix A) that contribute to the mass difference terms of the meson systems as we shall see further.
IV. NEUTRAL CURRENTS VIA SCALAR EXCHANGE
Now we will devote this section to obtain the sources of FCNC coming from the scalar sector, but in order to do so we first need to get the mass matrices of the quarks, which are derived from a combination of the renormalizable Yukawa lagrangian plus effective dimension five operators given by,
with i = 1, 2 and Λ = 4 − 5TeV [29] being the highest energy scale where the model is found to be valid. From Eq. (12) we found the quark mass matrices in the flavor basis U and D to be respectively:
where the approximation v χ ≈ Λ has been used. Now that we have obtained the mass matrices in Eq.(13), we are able to write the interactions among the flavor quarks eigenstates and the physical scalars h 0 1,2 , wich are also derived from (12) ,
with,
It is important to make a few remarks concerning the Eq.14.
• Firstly, after applying the transformations given in Eq. (11) into Eq. (14) only the first terms of the Γ u,d matrices, wich are proportional to the quark mass matrices m u,d , are diagonalized. Meanwhile, the second terms will induce non-diagonal interactions mediated by these scalars.
• Secondly, the origin of these second terms in Eqs. (15)- (18) are related to the fact that the three left handed quark generations do not transform in the same way and it is precisely for this particularity those scalars may mediate FCNC processes [22, 25] .
These second terms are all suppressed by the scale of symmetry breaking of the model, v χ . In particular, the second terms in Eqs. (15)-(16) which refer to SM higgs mediated processes, are extremely suppressed once we are taking the limit sin β → 0 and v χ v ρ .
Once we have discussed the physical effects of Eq. (14), we will write down the terms that induce FCNC after applying the transformations given in Eq. (11) as discussed above.
where,
We have shown in (appendix A) the explicit form of Eqs. (19)- (20).
V. MASS DIFFERENCE OF THE NEUTRAL MESONS SYSTEMS
Now that we have derived the FCNC lagrangians mediated by the Z boson and the CP-even scalars h bosons. We will start studying the B 0 −B 0 system where the stringent bounds were found
We first consider the Z contribution. The effective Z lagrangian that induces B 
Here we assume that the mixing angle among the physical eigenstates Z 1 and Z 2 is negligible and therefore Z 1 = Z and Z 2 = Z . That being said, the RM331 contribution to
according to the vacuum insertion approximation [32] . B B and f B are the bag parameter and the decay constant of the meson respectively. For Next leading order QCD corrections of Eq.(25) the reader can see [33] .
As aforementioned the Higgs as well as the heavy scalar h 
Defining,
we find,
in agreement with [25] .
Combining Eq. (24) and (28) we have the contributions coming from the RM331 model.
The latter should complemented with the SM one given by,
0.76 t [25] .
At this moment it is important to emphasize: • We are forcing M h 0 1 = 125 GeV because h 0 1 is recognized as the SM Higgs in our model. In this case sin β → 0. Therefore the SM Higgs does not mediate relevant FCNC processes in accordance with the current data [30] .
• The total contribution of RM331 model (∆m B • Albeit, the total contribution (∆m B ) RM 331 also depends on the matrix elements that relate the flavor and physical quarks basis for one side as well as on the mass matrix in the flavour basis of the quarks as we can see in Eq. (24) and Eq. (28) .
That being said, we obtain our results using two different parametrizations of Fritzsch type for the quark mass matrices [27] - [28] and their respective unitary matrices V u,d L,R that diagonalized them. Hereafter we will name the parametrization from Ref. [27] as parametrization 1 (see appendix B), and parametrization 2 the one used in Ref. [28] (see appendix C). In FIG.1 we show the total contribution from the RM331 model (∆m
We plotted the results for the two parametrizations. In left panel we used parametrization 1 described in Ref. [27] , whereas in right panel we applied parametrization 2 studied in Ref. [28] . We remark on the two parametrizations that induce two distinct results and consequently different bounds on v χ . Comparing our results with the current experimental limit on the mass difference of the B meson system namely, (∆m B d ) 3.33 × 10 −13 GeV, and using the values
MeV, according to [34] , we obtain v χ 2786 GeV (parametrization 1) and v χ 1023 GeV (parametrization 2).
These bounds on the scale of symmetry breaking of the model are relevant because they have a direct impact on the masses of the gauge bosons and the heavy Higgs. In the table II we have summarized our findings. Similar bounds were found in a recent study concerning the (g − 2) µ anomaly in Ref. [35] .
As for the other meson systems suffice it to say that we did not find any relevant bound on the scale of symmetry breaking. For instance, comparing our results of (∆m D ) RM 331
with the current experimental limit, which reads (∆m D ) 9.478 × 10 −15 GeV, we set v χ 18 GeV in the parametrization of Ref. [27] , which is completely irrelevant. limits on ∆m B we have set v χ 2786 GeV using the texture parametrization of Ref. [22, 27] and v χ 1023 GeV for the parametrization of Ref. [28] . Our results are summarized in table II. In particular, using parametrization 1 we have found this model to be consistent with FCNC limits if,
It is important to point out that different parametrization schemes in the quark sector might affect our conclusions. Interactions among the physical standard quarks and the Z boson which contribute to FCNC studied in this work,
Moreover, the interactions among physical standard quarks and h 0 1 and h 0 2 scalars that contributes to the processes that we study are: 
Comparing the mass matrices from Ref. [27] with the mass matrices in Eq. (13) we obtain the matrix elements (in Gevs) that enters in the expresions of Eq. (21) 
Comparing the mass matrices from Ref. [28] with the mass matrices Eq. (13) 
From Eq.(A4):
The SM contribution is given by 
and consequently
From Eq.(A5): 
The approach (D11) is justified given the very poor knowledge of the SM contributions to (∆m D ).
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